Derivation of the near-surface dielectric function of amorphous silicon from photoelectron loss spectra.
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In semiconductor thin films and optical coatings, the dielectric function of the sub-surface region influences a variety of physical parameters (optical reflectivity, plasmon energy, dispersive component of the surface energy). Its determination is thus important for corresponding applications (plasmonics, antireflective or low emissivity coatings, adhesion).
This work is part of a global effort to derive the near-surface dielectric function, () Since the bulk dielectric function of device-grade hydrogenated amorphous silicon (aSi:H) is reproducible and well known below 6 eV, this method is validated by comparing the dielectric functions () of plasma-deposited a-Si:H obtained by PEELS (Si 2p core level) and by spectroscopic ellipsometry (SE).
Experimental methods
Amorphous silicon films (~50 nm thick) were grown at 250°C on Si(100) substrates using radiofrequency plasma decomposition of silane in a turbo-pumped high vacuum chamber (base pressure ~ 10 -6 Pa). The a-Si:H film surface was protected against oxidation by spin This method to obtain () is based on the dielectric formulation of the inelastic cross section for bulk and surface plasmons and the probability for bulk multiple plasmon losses.
The practical method follows the technique developed by Egerton [1] for Electron Energy
Loss Spectroscopy (EELS). However, correction factors f(T) and g(T) for bulk and surface loss distributions, specific to the XPS case (as opposed to EELS), are required to describe the anisotropy of photoelectron emission and scattering; this correction is important for the determination of the IMFP value [8] . The differential inelastic cross-section as a function of the photoelectron kinetic energy, E = E 0 - = E 0 -T, is given by:
E 0 being the initial kinetic energy of the non-relativistic photoelectron, T the loss energy, a 0 the Bohr radius, and n A the atom concentration.
For the recovery of the primary bulk loss spectrum from XPS data, a homogeneous depth distribution of electron emitters is assumed. Two major difficulties must be addressed: In this work, we focus on the most critical step (ii) by comparing four methods for the removal of single-electron scattering at low loss energies, typically in the range 1-10 eV.
In method (M1), a Gaussian or a Voigt function is fitted to the elastic peak profile and subtracted from the monochromatized experimental spectrum (circles in Fig. 1) ; if several chemical binding environments are present, a multiple-Gaussian adjustment can be made. In method (M2), the high-energy side of the elastic peak is subtracted from the low-energy side data, by a mirror operation, without fitting. Methods (M1) and (M2) reveal that, between the elastic peak and the plasmon peak, some signal remains with a typical width of 2 eV (red curve in Fig. 1) ; it can be attributed to single-electron scattering at low loss energies, such as valence band electron excitation [9] or to an intrinsic loss mechanism [3].
In method (M3), the Henke model [9] for valence band electron excitation provides an analytic function, y 1 (T), at low energies; using the expansion y 2 (T) ≈ a T of the plasmon distribution when T tends to zero, the function
can be fitted to the experimental signal in the range 0-10 eV, after subtracting the Gaussian function fitted to the zero loss peak. This separation procedure is rather accurate (Fig. 1); however, the plasmon signal in the 0-10 eV range remains quite noisy (black dots in Fig. 2) .
Method (M4) overcomes this difficulty by multiplying the experimental spectrum (including the zero-loss peak) by a sigmoid function (or error function) (T) (red curve in Fig. 2):
where T is the loss energy and E G the gap of the material that can be determined by optical methods. Note that the width of the adjusted function y 1 (T) can be used as a guess value for the sigmoid parameter E SIG .
When the shape of the low-energy loss is unknown, using a sigmoid weighting function is a reliable method to remove the elastic peak and excitation of valence band electrons; it also suppresses the noise in the 0-10 eV range while keeping the loss spectrum information (red plot in Fig. 2) . The next sections show that this method is efficient for obtaining a dielectric function which recovers the independently measured optical data.
Results
The photoelectron energy-loss spectrum of a-Si:H at  = 0° is shown in 
Discussion
A smooth cutoff has been applied to the low loss energy region of PEELS data by using either a Henke function or a sigmoid function; as shown in Figure 2 , the remaining low , it is close to our SE measurements at several energies on the same sample (squares in Figure 4) .
Confidence in the PEELS dielectric function is also supported by the Bethe sum rule which provides a number of valence electrons N EFF ≈ 4. We estimate the accuracy on the position and the amplitude of maximum of  2 (E) as E max = 3.6±0.2 eV and  2 (E max ) = 27±1.5.
Conclusion
Amorphous silicon (a- up to 6 eV).
